Abstract: Setting priorities of sectors in an emergency intervention is an important unit to improve the healthcare management of a city. The goal of this paper is to prioritise sectors in Rabat region of Morocco when two or more emergency calls are received in call centres of hospitals using the analytical hierarchy process (AHP). This prioritisation is based on social, demographic and proximity criteria that lead to rank the 10 sectors of the region. The paper shows that the proposed AHP methodology is consistent and allows a real ranking of Rabat sectors.
Introduction
Optimising healthcare management could be on scheduling operations in hospitals or during emergency interventions of patients in distress. Some modern societies have established strong emergency services like ambulances, fire stations, and hospital organisations to face either disasters, crimes and accidents which cause significant casualties (Liu, 2004) or incidents such as poisoning, drowning and complicated deliveries. Emergency management should have an efficient assessment; it is known as a complex multi-objective optimisation problem (Zhou et al., 2011) .
A large variety of researchers had a wide interest to manage the emergency response. Dave and Scott (2011) used social media technologies to share emergency cases. To minimise total travel time, Yuan and Wang (2009) presented an optimisation model based on Djikstra and ant colony algorithms. Benabdouallah et al. (2017) minimise the total lateness of emergency intervention using a genetic algorithm hybridised by a guided local search in Moroccan context. Among factors that could cause mortality is the late arrival to the patient location then, to the hospital. To ensure a safe and calm situation in big cities after different incidents, it seems necessary to establish a strong decisionmaking system using methods for analysis and prioritising. Chou and Chang (2008) used a simple multi-attribute rating technique in a hospital context. Liu and Xie (2008) used the analytical hierarchy process (AHP) to evaluate cities' ability to reduce earthquake disaster. Choudhary and Shankar (2012) had a policy that deals with emergency incidents and aims to make decision where implanting an emergency site. They have proposed optimal locations based on social, technical, economic, environmental and political factors using AHP process. Once emergency sites are known, Ebrahimi and Miryazi (2016) used a hybrid fuzzy decision-making method to select best zones to add new emergency services in Tehran. In a Malaysian context, Khalil et al. (2016) proved that the application of AHP measurement is robust and does not produce ambiguous results. Moreover, AHP methodology ensures an internal consistency of practitioners' results.
On the other hand, most of the existing research works on emergency management considered emergency response as the objective that should be considered (Benabdouallah and Bojji, in press ). However, in an emergency incident, the intervention should take into account the nature of patients' location and not be restricted to their medical condition that could be inexactly known especially if emergency is expressed by phone under time pressure and sudden public health situation.
In this paper, we focus on prioritising patients' locations, named intervention sectors, in Moroccan case using AHP methodology in an emergency context. The chain of emergency goes through different steps; first, the emergency calls incoming from sectors that are different zones of a region, then meeting the patients and their transportation to the suitable care facility by an ambulance parked in a waiting site that could be a hospital or a fire station. Intervention sectors have neither similar emergency degrees nor same criteria of making priority decisions once emergency calls are received. For these reasons, we will have to rank sectors of Rabat region independently of medical situation of patients. Our method of prioritising is the AHP according to steps in Figure 1 , we use it when two or more emergency calls are received, close each other, from different sectors. This situation is probable due to the ambulance's unavailability probability and the long service time of our emergency chain that begins within the reception of calls, and ends by the redeployment of the ambulance which transported the patient. Otherwise, the rule of meeting emergency interventions is the first come first served. Our AHP methodology is essentially based on different social, demographic and proximity criteria that we will define in Section 3. This paper is organised as follows. Section 2 introduces the AHP methodology. In Section 3, we describe the application of AHP in order to prioritise sectors in Rabat region. Section 4 deals with a discussion and analysis of results about our case study. In Section 5, we present our conclusions.
AHP methodology
The AHP is a method used for several goals especially measuring performance and setting priorities (Ajami and Ketabi, 2012) . The AHP introduced by Saaty (1980) addresses how to determine the relative importance of a set of activities in a multi-criteria decision problem. AHP method is structured in levels which correspond to the objective, criteria, sub-criteria and alternatives. In the literature, the number of publications focused on the AHP tool has increased during several years. It justifies the AHP importance to analyse and make decisions especially in healthcare field where making decisions is critical (Wallenius et al., 2008) .
AHP analysis is based on interactions between the components of these levels: objective, criteria, sub-criteria and alternatives (Saaty and Vargas, 2001 ). The AHP method can be structured according to these eight phases:
1 Problem definition: It consists of defining the subject on which the decision is taken.
The problem could define the performance analysis of public transport operators (Boujelbene and Derbel, 2015) , a ranking problem applied to the healthcare industry (Büyüközkan and Çifçi, 2012) , a supplier selection process (Lei et al., 2013 ) and other problems of selection and ranking indicators cited in Russo and Camanho (2015) .
2 Decision hierarchy: Figure 2 represents the AHP hierarchy that defines the levels of evaluation beginning with the general level (the goal of AHP analysis) to the specific one (alternatives). Once the objective is defined, the AHP analysis is done either through a top-down process (from criteria to alternatives, Figure 2 ) or through a bottom-up process (Saaty, 2008) . Generally, two levels of criteria exist: the global criteria and the particular sub-criteria. Saaty and Vargas (1991) propose an evaluation and a comparison between the criteria of the first level. On the basis of Table 1 structured under five weights (1, 3, 5, 7 and 9), a matrix defines the importance of a criterion compared to another one in the same level of AHP hierarchy. We will use this scale to weight our criteria and sub-criteria AHP analysis during this study.
These comparisons in pairs lead to build knowledge about several elements of a problem. The AHP method is able to attribute to each criterion/sub-criterion a weight, thus, it helps to structure a hierarchy of problem relevant components.
4 Calculation of the criterion weight: In step 3, we mentioned how to structure the square matrix that represents the pairwise comparison of criteria. The weight of criteria is obtained by having the eigenvalues of this matrix according to these steps:
• carry out the sum per column of the matrix
• divide each value of the column by its sum previously calculated
• calculate the average of each row, this average represents the eigenvalue of the matrix, thus the weight of the criterion (Saaty and Vargas, 1991) .
5 The consistency of the result: Once the criterion weight is calculated, we have to validate this result by estimating a ratio of consistency RC. This ratio is done by the relation:
.
Such as: RI: random index elaborated by Saaty according to Table 2 IC: represents the reliability of our computation, this index is done by:
where n: the matrix size
eigenvalue of the vector calculated according to Tables 3 and 4 i: 1 → n: the number of lines/rows and j: 1 → n: the number of columns.
By calculating the ratio RC according to the relation (1), its value must be less than 0.1. The closer the ratio is to 0 the more the result is consistent. Otherwise, the solution is not consistent.
6 Iteration of steps 4 and 5: Once the set of criteria weights are computed, we recalculate the weights of sub-criteria, and sub-sub-criteria until finishing all levels, according to the same rules.
7 Calculation of the final weight: Once all weights, per level, are defined we should deduce the final weight by multiplying local weight of the sub-criteria with the local weight of the criteria to which it belongs.
8 The result evaluation: Once the final weight is done, we can deduce the relative rank of the alternative against each criterion, furthermore, we have the absolute rank that prioritises alternatives against the objective (goal of the hierarchy).
Application to Rabat region
Several researchers (Alexander, 2012; Saaty, 1990 Saaty, , 2008 assumed that AHP is a theory analysis based on pairwise comparisons relying to experts and practitioners to derive priority scales and construct emergency response models. Furthermore, to rank the alternatives in an AHP analysis, the main source of weighting can be either literature according to Podgorski (2015) who used AHP analysis in a healthcare context, or based an organisational team of practitioners in an education case study (Melon et al., 2008) . Table 3 Importance intensity according to Table 1 Criterion 1… Criterion n Criterion 1… Importance_ij (Table 1) Criterion n Sum_column Sum_column_1… Sum_column_n Table 4 Consistency analysis
Criterion 1 Criterion 2… Criterion n Vector
Thus, in this study, we do the AHP prioritisation, basing our weights on two references: first, on the fundamental scale of Saaty and Vargas (1991) shown in Table 1 , and second, on discussion with a team of experts and practitioners of emergency management. This team is composed by fire station operators and doctors of SAMU 'Service d'Aide Médicale Urgente'. Criteria weights will be presented in Section 3.2. We develop our computational results on an AHP template works under Windows 10 and Excel version MS Excel 2007. It consists of 10 alternatives inputs, a sheet of criteria weighting based on scales in Table 1 , a sheet of solving the eigenvalue problem when using equations (1) and (2) and a sheet concerning the result consistency. Finally, the final priorities are shown depending to each sector (Appendix A).
Our study concerns Rabat region of Morocco that contains several sectors which are defined according to the administrative grouping adopted by regional leadership of Rabat (Figure 3 ). We limit our AHP analysis to just 10 sectors due to the sensitivity and inconsistency of the methodology once having more alternatives to prioritise. Figure 4 represents the intervention sectors concerned by our study. In the same figure, zone 1 represents Rabat city, it is composed by sectors Yaakoub Manssor, Agdal, Swissi and Hassan. Zone 2 is the Salé city composed by Bab Lamrissa, Bettana, Tabriquet and Touarga. Zone 3 concerns Témara city. Zone 4 is about Skhirat city. We will abbreviate these names during AHP analysis to avoid misunderstanding.
Decision hierarchy
The AHP analysis consists of ranking intervention sectors in Rabat region. Since the study concerns sector ranking, it would be reasonable that criteria should be based on sector alternatives and not on patients. The level of criteria contains social information that refers to the frequency of emergency calls received from each sector, demographic information which reflects the number of sector inhabitants and the proximity criterion that represents distance from sectors to the waiting sites (hospitals and fire stations). Social criterion describes two sub-criteria which are the duration between two calls during night and the duration between two calls during day received from a sector (an alternative). Demographic criterion defines the population density of each sector. Proximity criterion has two sub-criteria, the distance from the sector to the nearest fire station and the second sub-criterion is the distance from the sector to the nearest hospital. Thus, these criteria and sub-criteria lead us, step-by-step, to rank sectors situated at the last level numbered from S1 to S10 ( Figure 5 ). 
Matrix of the criteria level
The weighting of criteria in different levels of our AHP hierarchy refers to discussion with the team of practitioners and to the fundamental scale in Table 1 . We add weights 2, 4, 6 and 8 to more specify the importance of criteria if weights of Table 1 do not judge them.
By analysing the team judgements, we build our matrix of comparison concerning the criteria level. The matrix diagonal equals to 1 because it represents the importance of criterion compared to itself (Table 5) . If the weight of criterion in line 1 vs. criterion in column 2 is x, automatically the weight of criterion in line 2 vs. criterion in column 1 is 1/x. The emergency team assumes, by experience, that social information representing the frequency of calls received from a sector is judged little more important than the demographic information that is the population density. In other terms, frequency of calls received from the same sector should be prioritised over its population density in emergency context. Furthermore, a sector having low population density could emit more emergency calls than a populated one. Thus, according to scales used in literature (Table 1) , we choose the weight 3 for social criterion compared to demographic criterion ( Table 5 ). The criterion 'demographic information' is little less important than the 'social information' criterion, so we give it the weight 1/3 which is the inverse of 3. However, social information is judged absolutely more important than distance to waiting sites. So, we attribute it the intensity importance 9. Furthermore, according to emergency team, the proximity criterion can be adjusted by the ambulance speed. 
Criterion weight
According to AHP phases mentioned in Section 2, the fourth phase is computing the criterion weight of the first level. Table 6 summarises the results. Weights 67%, 27% and 6% represent the importance of social information, demographic information and proximity to waiting sites vs. the goal (sectors prioritisation). 
Result consistency
According to relations (1) and (2), we have calculated IC and RC ratios, thus our evaluation of the first level of criteria is consistent (0.04 < 0.1). Table 7 summarises the computational results. We have a consistent result (0.04) relative to criteria comparison. So, we calculate in the follow section weights of sub-criteria.
Sub-criterion weight
We have to do a pairwise comparison between sub-criteria according to the criterion in which they belong. We build a judgement matrix for the second level of the AHP hierarchy ( Figure 5 ) following the same rules of criteria weighting and scales of Table 1 . Two sub-criteria represent social criterion: duration between two calls received from sectors during night and duration between two calls received from sectors during day. According to discussion with the same team, we judge that emergency calls at day are more frequent than emergency calls during night. We assume that frequency of emergency calls at day is more important than frequency of emergency calls at night. Thus, we attribute weights according to Table 1 . Results are summarised in Table 8 . Ratio RI = 0 (Table 2) because the matrix size n = 2. Thus, the evaluation is consistent (Saaty and Vargas, 1991) . Table 8 Judgement matrix of 'social information' criterion based on Table 1 scales
Social information

Frequency of emergency calls at night
Frequency of emergency calls at day
Frequency of emergency calls at night 1 1/5
Frequency of emergency calls at day 5 1
Weights of the sub-criteria are computed according to the same rules detailed before and are shown in Table 9 . Criterion proximity to waiting sites has two sub-criteria: distance from sector to the nearest fire station and its distance to the nearest hospital. In Morocco, ambulances of fire stations which meet generally patients in emergency situations. Thus the distance from the sector to the fire station is judged more important than other distance. In fact, we confirm, as authors and emergency team, that distance to the nearest fire station is less important than the distance to the nearest hospital that should be also taken into account. Thus, we attribute the weight 3 of distance to the nearest fire station vs. distance to the nearest hospital. Weights of the sub-criteria are computed according to the same rules detailed before and are shown in Table 10 . Table 11 summarises the weights of the first and second levels. The final weight is the multiplication of the sub-criterion weight and the weight of the criterion which represents it (Table 11) . 
Alternatives weight
In this section, weights are always based on scales of Table 1 and judged according to discussion with the emergency team.
Sectors vs. frequency calls during night
We consider that demands are expressed from 10 sectors of Rabat region ( Figure 5 ). The emergency calls in the night are collected from 6 p.m. to 6 a.m. during the period between March 2015 and March 2016. Table 12 summarises these historical data expressed in minutes. We note that when we receive the emergency calls, we do not have any information about health condition of patients. We do a pairwise comparison between alternatives and frequency of night calls. We build a judgement matrix for the sectors according to Table 12 . The importance intensity at this stage is chosen as the sector that has the low duration between two calls is more important than the one with the highest inter-arrival duration. That is, the sector that emits more calls should be prioritised. Relative weights of alternatives are computed according to the same rules detailed before and are shown in Table 13 . The consistency ratio RC = 0.09. Relative weight (%) S1 1.00 3.00 9.00 5.00 5.00 9.00 3.00 3.00 3.00 9.00 27 S2 0.33 1.00 7.00 2.00 3.00 5.00 0.33 0.33 3.00 5.00 11 S3 0.11 0.14 1.00 0.14 0.20 0.33 0.11 0.14 0.14 0.33 1 S4 0.20 0.50 7.00 1.00 3.00 3.00 0.33 0.33 3.00 5.00 9 S5 0.20 0.33 5.00 0.33 1.00 3.00 0.20 0.33 0.33 3.00 5 S6 0.11 0.20 3.00 0.33 0.33 1.00 0.14 0.14 0.20 0.33 2 S7 0.33 3.00 9.00 3.00 5.00 7.00 1.00 3.00 3.00 7.00 19 S8 0.33 3.00 7.00 3.00 3.00 7.00 0.33 1.00 3.00 6.00 15 S9 0.33 0.33 7.00 0.33 3.00 5.00 0.33 0.33 1.00 4.00 8 S10 0.11 0.20 3.00 0.20 0.33 3.00 0.14 0.17 0.25 1.00 3
Sectors vs. frequency calls during day
We consider that demands are expressed from 10 sectors of Rabat region. The emergency calls in the day were collected from 6 a.m. to 6 p.m. during the period between March 2015 and March 2016. Table 14 summarises these data expressed in minutes. We do a pairwise comparison between alternatives and frequency of day calls. We build a judgement matrix for the sectors according to Table 14 . The importance intensity at this stage is chosen as the sector that has the low duration between 2-day calls is more important than the one with the highest inter-arrival duration. That is, the sector that emits more calls should be prioritised. Relative weights of alternatives are computed according to the same rules detailed before and are shown in Table 15 . The consistency ratio RC = 0.08. Relative weight (%) S1 1.00 0.14 4.00 2.00 0.50 0.50 0.14 2.00 0.20 0.25 4 S2 7.00 1.00 9.00 7.00 7.00 5.00 3.00 9.00 3.00 5.00 30 S3 0.25 0.11 1.00 0.20 0.25 0.17 0.11 0.33 0.14 0.20 2 S4 0.50 0.14 5.00 1.00 0.50 0.50 0.14 3.00 0.20 0.25 4 S5 2.00 0.14 4.00 2.00 1.00 0.50 0.20 4.00 0.20 0.50 5 S6 2.00 0.20 6.00 2.00 2.00 1.00 0.20 4.00 0.33 0.50 7 S7 7.00 0.33 9.00 7.00 5.00 5.00 1.00 7.00 3.00 3.00 22 S8 0.50 0.11 3.00 0.33 0.25 0.25 0.14 1.00 0.14 0.20 2 S9 5.00 0.33 7.00 5.00 5.00 3.00 0.33 7.00 1.00 3.00 15 S10 4.00 0.20 5.00 4.00 2.00 2.00 0.33 5.00 0.33 1.00 9
Sectors vs. population density
Data are collected from the last census of Morocco 2014 (Haut Commissariat au Plan, Morocco, 2014). The population density per sector is detailed in Table 16 . We do a pairwise comparison between alternatives and population density. We build a judgement matrix for the sectors according to Table 16 . The importance intensity at this stage is chosen as the sector that has the high population density is the most important and it should be prioritised. According to the emergency team, the most populated sector should emit more emergency calls. Relative weights of alternatives are computed according to the same rules detailed before and are shown in Table 17 . The consistency ratio RC = 0.08.
Table 17
Sectors vs. population density weight
Relative weight (%) S1 1.00 4.00 5.00 4.00 2.00 4.00 0.33 5.00 0.20 4.00 12 S2 0.25 1.00 2.00 0.50 0.33 0.50 0.11 4.00 0.11 2.00 4 S3 0.20 0.50 1.00 0.25 0.25 0.33 0.11 3.00 0.11 0.33 3 S4 0.25 2.00 4.00 1.00 0.33 2.00 0.20 4.00 0.11 2.00 6 S5 0.50 3.00 4.00 3.00 1.00 3.00 0.20 5.00 0.20 3.00 9 S6 0.25 2.00 3.00 0.50 0.33 1.00 0.14 3.00 0.11 2.00 5 S7 3.00 9.00 9.00 5.00 5.00 7.00 1.00 9.00 0.33 9.00 26 S8 0.20 0.25 0.33 0.25 0.20 0.33 0.11 1.00 0.11 0.33 2 S9 0.50 9.00 9.00 9.00 5.00 9.00 3.00 9.00 1.00 9.00 30 S10 0.25 0.33 3.00 0.50 0.33 0.50 0.11 3.00 0.11 1.00 3
Sectors vs. distance to the nearest fire station
We differentiate sectors according to their distances to the fire stations as waiting sites. The farther the sector is from the fire station, the more time the ambulance takes to arrive. Thus, more the distance sector / nearest fire station is high more the sector is important. We compute distances from 10 sectors to five fire stations of Rabat region and summarise results in Table 18 . The five fire stations are Ibn Rochd station (F1), Rabat Agdal station (F2), Rabat Akkari station (F3), Sala Jadida station (F4) and Temara station (F5). Euclidean distances are computed using coordinates of waiting sites (Appendix B). Figure 6 represents a map of fire stations and hospitals in the studied region. Fire stations are located in the same studied region, it justifies the small distances expressed in metres shown between some sectors and fire stations in Table 18 . We do a pairwise comparison between alternatives and distance to nearest fire station. We build a judgement matrix for the sectors according to Table 18 . Distances from sectors to the nearest fire station are in bold. The importance intensity at this stage is chosen as the sector that has the large distance to the nearest fire station is the most important and it should be prioritised in order to minimise the travel time of emergency intervention. Relative weights of alternatives are judged according to the same emergency team and are shown in Table 19 . The consistency ratio RC = 0.1. 3.00 5.00 2.00 3.00 1.00 0.50 2.00 3.00 3.00 0.14 10 S6 5.00 7.00 3.00 3.00 2.00 1.00 2.00 5.00 5.00 0.20 15 S7 3.00 4.00 2.00 3.00 0.50 0.50 1.00 3.00 3.00 0.14 9 S8 2.00 3.00 0.33 3.00 0.33 0.20 0.33 1.00 0.50 0.11 4 S9 2.00 3.00 0.33 2.00 0.33 0.20 0.33 2.00 1.00 0.11 5 S10 9.00 9.00 7.00 9.00 7.00 5.00 7.00 9.00 9.00 1.00 41
Sectors vs. distance to the nearest hospital
We differentiate sectors according to their distances to the hospital. The farther the sector is from the hospital, the longer the ambulance takes to arrive. Thus, more the distance sector/nearest hospital is high, more the sector is important. We compute distances from 10 sectors to seven hospitals of Rabat region ( Figure 6 ) and summarise results in (Figure 6 ). Sometimes, hospital location coincides with the sector barycentre which justifies the small distances expressed in metres in Table 20 . We do a pairwise comparison between alternatives and distance to nearest hospital. We build a judgement matrix for the sectors according to Table 20 . Distances from sectors to the nearest hospitals are in bold. The importance intensity at this stage is chosen as the sector that has the big distance to the nearest hospital is the most important and it should be prioritised. In other terms, the ambulance deployed to the sector which is farthest from the hospital takes the most time to achieve destination. Relative weights of alternatives are computed according to the same rules detailed before and are shown in Table 21 . The consistency ratio RC = 0.1. 3.00 3.00 3.00 2.00 3.00 2.00 3.00 3.00 1.00 0.20 12 S10 9.00 9.00 9.00 9.00 9.00 5.00 9.00 9.00 5.00 1.00 42
Results and discussion
We sum up results of this work in Table 22 . We note weights of criteria, sub-criteria and alternatives. To rank sectors, we compute sector weights by multiplying the weight of each alternative by the weight of sub-criterion in which it belongs (Table 23) . We deduce the rank of a sector from the sum of its weights according to sub-criteria (Table 23) . Thus, the sector priorities are respectively S7, S2, S9, S1, S10, S6, S5, S4, S8 and S3. It is not necessary that the prior sector in AHP method is the first one according to each sub-criterion. However, a sector could have the highest weight according to a sub-criterion but the lowest rank in the AHP hierarchy. Table 24 shows the alternatives ranking in regard each sub-criterion.
As a benchmark, we have contacted the emergency team practitioners who reveal that they used to take into account just proximity from sectors to the hospital. When two emergency calls were received close each other, the team assigned the available ambulance from a waiting site to reach the patient from the farthest sector to the hospital regardless of other criteria describing the patient's sector (call frequencies and population density). This statement manipulates results during emergency response. For instance, sector S7 that has the first rank according to the AHP analysis (Figure 7 ) has been considered as the latest sector to be reached, by the team, only due to its proximity to the hospital (Figure 8 ). Thus it is illogical to delay a sector that should be prioritised especially during a vital emergency. 
